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FACTORS AF'FECTING MICAN P01,CER RESPOCNSE TO MLULTIPATH RAYS ARRIVING AT DIFFEREN:.T
ELEVATION ANGLES /7
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es A0 on I AO onI

y= 5x 900 6.10 >20.00

0 = 2.5A 850 6.10 28.20
z 80 6.10 33.20

Oy = 20 900 1.60 13.20

a 10lox 850 1.50 16.6*
0 800 1.50 4.50

0 = 50 " 90 0 0.60 8.40

* = 25 850 0.60 3750
z 800 0.60 1.750

* 5X =900 15.20 >20.00
850 15.30 > 20. 00

z 800 14.20 > 20.00

y = 20X 900 3.80 13.00
o = 0., 850 3.80 16.50

z so 3.80 4.50

0 = 50X 900 1.50 8.40

Y 85o 1.50 3.750
z 800 1.50 1.750

TABLE I ,NEAN l/2-POwFR BE,1'iL' AO , WITH NORMALLY

DISTRIBUTED E!LEY'NNT i'('SITIONS.

in elevation, though for a = 50X, a -O 1, and 0 = 80* the two functions
y z z

are nearly equal. As a rule with o /O = 2, I established the pattern in ele-y z z

vation and it is sufficient to consider it and to let Iy = 1. yI
In the work discussed below on the noise correl ition we consider elements

uniformly dispersed in depth where here we have as!umed normally distributed

elements. Extraordinary differences betw,.een the.;, two cases are not expected

though . Similar ce:,ipijtatiens of the unifer:.ilv di!s-tributed catsc were therefore

not carried out.

Paul Ych

Fred Haber

MULTIBEA'I NO[SE CORXI:LATI ON

Consider the system in i'Viure 3.2, Ql'R No. 31. The branch -Aignal level,

when the array is focused in tho vt'vtfcA plauc eel a ining the Y-axis and at an
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angle 0 . to the vertical, is given by (2) of QPR 31. The equation is rewritten

he re

A(O) BekYn -Y I B ksi In m si m
m=1 n=1

The complex %,eight

-jc+'. sgnf(2

W A i e 1 (2)

shown in the figure referred to is given oy

W = A ( si) (3)

when noise levels into ail the branches have equal moan square value and Pre

independent from branich to bra.ch. The total system signal output is, in this

case,

I I 1?

A(--' . A 2 (7 .) : rA ,4)
5=1s 1 i.1 s v l

and the total n,-- s. ouptiu:1.s a r-:ia. sntarc_ value gi'cen bv the second

expression D. 35 of0PR 31.::ac

N 1 1<2  2
.N (t)> = ,1 , l (t) . "A.\.co(" - :. + ' - ,:j.)> (5)n<1 il j l .1 ni "nj I j

where the A. are defined by (2) The angceI in (5) arc given by the foliowin S1

= -k[y .in r, 4- c os' si] (6)

M N

= ta- B -i n i . . , 1 (7)
+ 4

M, ~l ' I

%.hert. w h,iv, t! , (1) . (,) ill Vr-it in' (1) nd ,ir . ,t' V , d lot(d

,( . . ) (8)
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If the noise proces~,es in the different branches were uncorrelated

the output mean sauare noise level would be

N I

<N 2(t)> <n 2(t)> Y<A. 2> (9)
n 1l i=l I

The output Si llal-tO-Lojiz ratiU (SNIR) is here defined by

Y = - -- - ( 1 0 )
2<N 2 (t)> 2N<n2 (t)> <A2>

n ii~l

where we have assumed mean noise power at all elements to be equal and where we

have used (2), (3), (4) and (9) to write (10). if the A. were not random
I

variables (or if they were to have small variance), V would be the sum of SNR's

of the branches, a result well known for axinal ratio combining of diversity

branches in communications. In our situation tV branch :'eisez may not be

uncorrel.ted and tLere is the possibility of larger noise levels. We examine

conditions which will give unLorrelated eaisecs. (5) can he to give

9 2N (t) > = < n2(t) > < A.A .3 s( i: )co,. (,i- j

n=l i=l j'l 1 1
(11)

- A.A. sin( n- s j)SiuQ i- ) >

A. and '. are the amplitude and phase of the complex amplitude on branch i as1 1

given by (1). Thos,- random vari.,bles are not determined by the position random

variables y and z 1e.? ati se of the pr,:'ence of :, in the exponent of (1) which
n n 171

is unifo-rmly dist ribut,d in (0, 27). Or the oth,r hand, the , • are determined

only by the position random variables y and z . Thus the pair (A., ) area1 n 1 1

independent of for all i . Furthor;,-r". fron (6) ve sfre that ni is a

16 linear functioi o,f tie' rando:i varia, s y and z We -issume the latter to be
n n

symmetrically di: trib,,ted .,roind zr, ;ri that < in( n -, n.) > 0. (11) thus

ieduc,.; to
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() (t) >1 I n Ais( i -"

2 2os(> <- o ,) > (12)
N2(t) > < n < A.A. co scs(ni - nj)n=1 i=l j=l

We point out that if either < cos(n) > or < A.A.cos('.- ")> is
iJ I 3

zero for all i 1 1 (12) reduces tn (9) tha:: is, the uncorrelated

branch noise case is obtained. We investigate

< cos( -nj ) > = < cos k[Y (sin si- sin sj) + z n(cos 0si - cos 0 ] > (13)

since it is much less complicated than < cos(. - 9.) > The angles e• i x "si

of interest to us are in the range of about 3 to ]00. It can be

demonstrat,d that (sin,'- sine .)<< (coss cos .) for angles in this range.

Also, if ,e -re to hnce high vertical resolt::in, the variance of z will
n

have to - o:f the s. order as the variance c- y . Thus we can argue that

(13) can be " r? : . .. .. h'v

-m . <cos 1 z (cos: .- co "; . (14)
.j ' "l 5 1 S

so that (12) -eccw-:.es

-, I I
2 2

< N (t) > < n > <,.A. ces( >
X=i=1 j (15)

< cos kZ (cos : -cos ) >

If the r.' 2  is here assumed uniformly di:tr ited in a range (-h,h)

then tLe rv (-.n) will be corre-pond iw', " jifor.1 distributed in a

range (-a ii, aij) 1e there fore have

o ( -: .)a s _

. (16)
aij

whe2 rt-'

a.' kh( ; - " (17)
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(16) suggests that to make < cos(4 ni-,)nj > = 0 for i I j, branch focii be

placed so that a.. = mi . in an integer.

The 0 . will all be concentrated around 90, generally in the ranges1

(80, 1q0*). Thus we are led to write

9si = Osi 900

so that

CosO 8 sn.
8sios = sin 0 si esi

and using (17)
(18)a kh (0s-e )

alsj si

The angular separation between beams to get uncorrelated noise outputs at

the different '5ranches should therefore be

0 . -0.-
sj si k-

If, for instance, h = 25A (mOan ng that Lhe array size 'n depth is 50

wavelengths which -it Hz implies a depth of about 750 meters) adjacent

beams ought to be spaced

s = 1/50 rad 1.150

in order for the ro iso variab2 en entering into the final summer to be

uncorrelat ed.

The next step to be taken will be to determine the array power

response with arroy output processed as described a'bove. If the multi-

path rays were to come in on the center 2inos cf the vertically spread

beams the overall array response would be maximized. Some beams are ex-

pected however to see no inco:ning rays, others a-ay see more than one ray.

In the ]atter case the ,n11t i ath i10 not reslvd by the array processor

and the combi ned rays add ion--coherently. The corres;ponding diversity

branch will see a fluctunLting level depending, on the relative ray phases.

While the proecn;,or cannot i::iirove the :(itl level in this case the

weight lg citcuit wiil take account of this fluctuat ion to ma;ximnize the

signal to noin.e ratio by suppressing the branch output if the signal com-

ponent is .mi l ard ,,nplifvinug the branch output if the signal co:mponent

is liar.e.

QPR No. 32



The calculation of these effects is time consuming. We plan to carry

out a simulation of this next step bv assuming a fixed number of rays arriving,

each uniformly distributed over a range of latitude angles about ±10% relative

to the horizontal. Independent noise at each sensor will be assumed. Beams

will be spaced as specified above covering the same range of latitudes and

the statistical properties of the array output SNP will be found. This calcu-

lation will also serve as a test of assumptions made earlier to simplify calcu-

lations of noise output.

Fred Haber
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